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Abstract 
The Application Platform for Intelligent Mobility (AIM) is a test site for research and development in the domain of intelligent 
mobility services, which resides in the city of Braunschweig and in parts of the circumjacent regions. The test site, which was set 
into operation in 2014, contains powerful instruments for simulating, measuring and manipulating microscopic and macroscopic 
aspects of traffic and mobility. Thus, AIM can serve as platform for research and development projects with high systemic and 
technical demands. For this purpose, AIM contains simulation environments, specific test tracks and – above all – several service 
platforms in the field.  
The manuscript gives a detailed inside view on two of the most sophisticated services: The AIM Research Intersection is an 
instrument for detection and assessment of traffic behavior in a complex intersection under real-time conditions. The AIM 
Reference Track provides V2X functionality for long-term operation in the scale of an urban environment. For both services field 
applications are depicted to demonstrate the opportunities for individual usage. In addition, AIM services can be seen as relevant 
components of a toolbox for research and development in the field of applied mobility services. That means that services can be 
combined to generate multiple options for further applications as additional value apart from their particular task. The manuscript 
exemplarily outlines a combination of the aforementioned services to bring up the opportunity of infrastructural supported 
cooperative driver assistance systems. The manuscript ends with a sum-up and an outlook on future works and the integration in 
the further development outline of AIM. 
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1. Test field AIM 
The Institute of Transportation Systems of German Aerospace Center (DLR) is doing research and development 
in the field of intelligent mobility solutions. A basic fundament for doing this lies in the construction and provision 
of large research infrastructure that is used in projects of applied transport research. This manuscript focuses on the 
Application Platform for Intelligent Mobility (AIM). AIM is a test field which comprises a complete tool chain for 
allowing a wide range of transport research activities.  
1.1. Motivation 
The concept of AIM covers tools for simulation purposes and test tracks as well as installations in public 
transport areas of the city of Braunschweig and circumjacent regions, especially focusing on urban traffic, for 
enabling realistic and multimodal research. AIM is not another project; it provides a platform for a successful 
implementation of projects for DLR and partners in industry and science. AIM is designed as service-oriented 
architecture with a broad portfolio of services with standardized interfaces, which is based for long-term 
considerations, while being complemented and enhanced project-related. AIM was accomplished in summer 2014 
and since then is ready for use.  
1.2. Overview 
Different service clusters of AIM can be distinguished. The first cluster contains sources for empirical data 
collection, which covers vehicle-based instruments like test vehicles and in-vehicle platforms for conducting 
naturalistic driving studies as well as infrastructural instruments like the AIM Research Intersection which is 
depicted in detail in section 2. The next cluster, called Virtual Mapping, contains a virtual traffic management center 
and specific data services like a virtual model and highly accurate map data of Braunschweig inner city transport 
areas as basis for empirical driving studies and functional development. These driving studies are usually the first 
step for deducing and validating concepts for advanced driver assistance and automation systems for both road and 
rail traffic applications. After evolving and enhancing these concepts, prototypes are integrated into real test 
platforms like the DLR FASCar (Temme et al. (2010)) used for demonstration and validation in real traffic 
scenarios, e.g. highly or fully automated driving functions (Löper et al. (2013)). The portfolio of services is 
accomplished by a powerful backend and technical architecture as basic fundaments for data aggregation, handling 
and processing. 
The following sections focus on two specific services of AIM. Possibilities of using these services are described 
by giving examples of works carried out in the field of analysis of safety related traffic phenomena and cooperative 
driver assistance systems. In addition, further possibilities are depicted by combining services for enabling further 
sophisticated applications. 
2. AIM research intersection 
The following sections describe the research objectives that served as a guideline for the design of the AIM 
Research Intersection. Fundamental requirements are derived that had to be fulfilled. This is followed by the 
technical set-up and an exemplary field of application which shows outcomes of a study based on real data obtained 
by the installation.  
2.1. Objectives and requirements 
Two different general objectives are connected with the AIM Research Intersection: First of all the infrastructure 
is designed as an instrument for measuring natural traffic behavior for the scenario of a complex urban intersection. 
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Corresponding research questions are related to generate a better understanding about how traffic (and especially 
urban traffic) works. For this, multiple questions have to be answered like what kind of processes and interactions 
occur in such a scenario, which kind of effect mechanisms are acting as well as what kind of interrelationships 
between different factors and traffic modes are emerging. These results can then be taken to deduce appropriate 
types of supporting drivers in traffic in terms of advanced driver assistance systems (ADAS) and automation 
systems. Fundamental requirements can be derived that such a measuring instrument has to fulfill. It has to be 
capable of detecting, tracking, and classifying all relevant types of traffic on a microscopic level in order to allow an 
understanding of traffic processes in a continuous way over time with an appropriate measuring frequency. In 
addition, the instrument has to have a high operational readiness, irrespective of exterior factors like weather or 
lighting conditions. A second objective lies in establishing an infrastructural basis for usage in cooperative driver 
assistance and automation systems. These systems (an example is given in section 4 of this manuscript) involve 
infrastructural instruments as a basis for on-line situation assessment algorithms, especially for the identifying of 
safety related information in order to hand this information to nearby traffic participants. In order to establish such 
an integrated network, the infrastructure has to be able to produce this functionality under real-time conditions, 
concerning both the detection task as well as the interpretation and prediction of the given traffic scene. These 
requirements gave the fundamental guideline for the technical set-up which is highlighted in the next section. 
2.2. Technical set-up 
The technical set-up of the installation reflects the given requirements. The AIM Research Intersection can be 
found at the north-easterly part of the inner city circle of Braunschweig. Fig. 1 (a) shows a bird’s eye view on the 
complex multi-lane intersection, which is regulated with multiple traffic lights. The sensory set-up of the AIM 
Research Intersection comprises different technologies. The detection system can be subdivided into two different 
sub systems: the top part of Fig. 1 (b) illustrates a pole installation of the Multi Sensor System, which is a detection 
system for motorized traffic participants. The pole installation comprises of two mono-cameras combined with 
24GHz multi range radar system. In addition, it holds an infrared flash for artificial scene illumination. Four of these 
installations are attached on different poles for covering the whole inner area with a high redundancy to prevent data 
loss due to covered scene details. The blue cones in the bird’s eye view illustrate the full sensor range. In addition, 
the Research Intersection is able to detect non-motorized traffic participants on the western and southern crosswalks 
of the intersection. The respective sub system (SENV) consists of four installations, respectively equipped with 
a stereo camera system and infrared flash. The lower part of Fig. 1 (b) shows one of these installations that are 
attached in pairs which are inversely arranged respectively. The green areas in the bird’s eye view illustrate the full 
field of view. 
All sensor data is processed centrally in a nearby concrete station which holds an air-conditioned server rack for 
housing the processing computers, electronic converters, and energy supply. The sensor data is processed 
individually up to an intermediate processing level where the information is represented based on a 6D-vision 
approach like presented by Franke et al. (2005). This procedure ensures that the information can be fused without 
regard of their technological sensor background. The main output of the system is trajectory data with corresponding 
scene videos. Fig. 2 (left) shows a scene video screenshot with augmented object data based on wireframe-models. 
The trajectories contain the objects’ positions in the scene, velocity, and acceleration as well as other relevant state 
information like dimensions and its classification based on a differentiation of 5+1 classes. All this information can 
be provided and processed under real-time conditions. In combination with the given traffic light data, this output 
allows to receive an in-depth understanding about the respective traffic situation. The AIM Research Intersection is 
able to operate in continuous mode of operation (24/7). In order to guarantee this high level of technology readiness 
the infrastructure is equipped with an Icinga based framework (cf. Icinga Project (2015)) which keeps a watch on 
a wide range of parameters concerning status of hardware and software as well as multiple software watchdogs to 
ensure a working process flow. A screenshot of the web based interface is shown in Fig. 2 (right). The technical set-
-up of the AIM Research Intersection creates a perfect basis for in-depth analysis of traffic phenomena. One 
objective for this work is to identify and assess safety-related situations. This is depicted in the next section. 
2200   Sascha Knake-Langhorst et al. /  Transportation Research Procedia  14 ( 2016 )  2197 – 2206 
 
Fig. 1. (a) sensor fields of view; (b) pole installations for detecting motorized and non-motorized traffic participants. 
 
 
 
Fig. 2. (a) screenshot of a traffic scene with augmented system output; (b) screenshot of web-based Icinga user interface. 
2.3. Exemplary field of application: risk assessment of traffic situations  
Urban intersections are known as accident hotspots and are therefore part of traffic safety research. In the field of 
traffic conflict technique not only accidents are considered. Especially much more frequently occurring near misses 
are focused to learn from the happening on the road. In the early beginnings trained human observers evaluated 
conflicts in the field. In recent years the fast developing computer and sensor technology opened up new 
possibilities, so that safety critical situations can be automatically tracked, recorded and evaluated in an objective 
way. 
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Riskiness situations occur when different road users approach each other very close in time and space. Surrogate 
safety measures like Time to Collision (TTC) or Post Encroachment Time (PET) are used to extract relevant driving 
situations from the dataset of the AIM Research Intersection. Current works at DLR concern the analysis of conflicts 
using these metrics on recorded trajectory data. Different driving situations with motorized and non-motorized 
traffic participants are in the focus of interest. Below there will be an example of a serious conflict referring to left 
turn with oncoming traffic. Both crossing flows are not separated by traffic light signals. A car is turning left from 
west to north and has to take care of the oncoming traffic heading from east to west and non-motorized traffic 
participants. A group of cars is turning left to the north. A very short gap can be observed between the last car 
(ID99) of the group and a truck (ID26) with right of way coming from the east. A screenshot of the video of the 
scene with four different perspectives is given on the left side in Fig. 3. Sketches of the path of the objects are drawn 
in red. By having a look at the video it becomes clear, that there is a bigger van in front of the conflicting car 
possibly leading to sight obstruction. On the right side of figure Fig. 3 a plot of the positions of the objects with 
trajectory data can be seen. The profile of the objects is shown to relevant points of time. It is the entering and 
leaving of the conflict zone. The cyan dots mark the position of the front right corner of the object to points of time 
when there is a collision course. In the background you see the moving paths of all objects passing the intersection 
within 20 minutes. 
 
 
Fig. 3. (a) video screenshot (b) plot of position data of conflict partners. 
 
The development of speed and acceleration during the conflict can be used for further analysis. The traffic 
participant in the oncoming traffic is decelerating with -3.92 m/s². Respecting that it is a truck a relative powerful 
evasive action can be stated. Overall the speed decreases significantly about 10 m/s (36 kph) to 5 m/s (18 kph). 
Having a look at the turning car it can be seen that there is a little deceleration before entering of the conflict zone. 
Being in the conflict zone the car is accelerating strongly with 3 m/s². It can be assumed that the driver is aware of 
the dangerous situation trying to avoid a collision by accelerating. 
To underline the riskiness of the situation surrogate safety measures are analysed in the following from based on 
trajectory data. Fig. 4 shows the development of these metrics during the conflict. A PET of 0.22 s between the car 
and the truck can be calculated. During a longer time of 2.1 s there exists a collision course with a minimum TTC of 
0.4 s. The car is for an Encroachment Time (ET) of 0.87 s in the conflict zone. The Gap Time (GT) is negative most 
of the time with a minimum of -1.58 s. Short before leaving the conflict zone of the car it turns positive. This 
development illustrates that the car will leave the conflict area before the truck at present speeds. The necessary 
deceleration of the truck to avoid a collision DST reaches a maximum value of 6.24 m/s².  
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Fig. 4. Development of surrogate safety measures during conflict. 
The calculated Initially Attempted Post Encroachment Time (IAPT) is nearly zero with 0.014 s. Assuming 
a speed of the truck of 10 m/s while entering of the conflict zone of the car there would be a distance of about 
0.14 m between the conflicting partners. Taking into account that the truck is already decelerating before the 
entering of the conflict zone of the car, the potential time between them would be negative. This underlines that the 
car would not have been able to leave the conflict zone without an evasive action of the oncoming traffic. In 
addition to this critical threshold values of the surrogate safety measures are exceeded, so that situation can be rated 
as a very risky near accident. 
To put an event like this with a PET of 0.22 s into a broader context a bigger amount of four weeks of recorded 
data is used. In Fig. 5 a distribution of events with a PET below 1.5 s for left-turn with oncoming traffics is shown. 
326 events were found in four weeks of observation period. It can be seen that the lower the value of the PET, the 
lower is the occurrence of such an event. This observation can be linked to the pyramid of Hydén (1987) illustrating 
the context between higher severity of conflicts and lower frequency. 
 
 
Fig. 5. Distribution of PET-events < 1.5s in four weeks. 
Of course the results depend on the quality of the data material. Missed objects and measurement errors can be 
validated by use of the video material. So on the whole successful conflict analysis has been done based on 
a 24/7-virtual image of the traffic flow. On the one hand deep insights into single conflict events are possible. On the 
other hand the system is available to perform long-term studies in traffic behavior. 
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3. AIM reference track  
Cooperative Driver Assistance Systems based on Vehicle2X communications (V2X) are currently scope of many 
research activities in the automotive domain. Several European and German research projects have recently finished 
their work or are still ongoing (UR:BAN Consortium (2015), DRIVE C2X Consortium (2014)). However, most 
projects focus on research questions that require a small set of road side infrastructure which is being set up during 
the project and discarded afterwards. In contrast, the AIM Reference Track was designed to provide C-ITS 
infrastructure for long-term operation in the scale of an urban environment.  
3.1. Objectives and requirements 
Before setting up the test site, the following objectives were defined. 
x development of C-ITS applications 
x opportunities to test Driver Assistance Systems 
x long-term operation of the test site 
x business model for research projects and contractors 
x management system for monitoring, operation, and test management 
 
The infrastructure should support the development and test of C-ITS systems both in the vehicle and on the road 
infrastructure. A business model was needed for financing the long-term operation, for enabling the opportunity to 
run research projects on the one hand and for contractors on the other hand. Since the standardization bodies (such 
as ETSI and CEN in Europe or SAE in the USA) in the Vehicle2X domain were in an early state at the beginning of 
the setup phase, a very important requirement was the possibility to send V2X messages according to different 
standards and versions.  
3.2. Technical setup 
The Reference Track is equipped with ITS Roadside Stations (IRS) for V2X communications which are located 
at traffic light poles along the city circle. Fig. 6 shows the IRS locations on the map.  
Fig. 6. The city of Braunschweig with IRS locations on the reference track. 
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The eastern and southern part of the reference track have an equipment grade of almost 100%, which means that 
nearly every intersection is equipped with an IRS. Here, a vehicle would always have radio connection to C-ITS 
services. On the other hand, the western and northern part of the city we only have few intersections equipped which 
simulates a “day-one scenario”. In this area, only little information is known from the infrastructure and the 
application has to deal with the (potential) lack of information. A detailed view on this topic is given in Frankiewicz 
et al. (2014). 
All IRS are interconnected using a Mesh Wireless LAN (IEEE 802.11n WLAN at 5 GHz). The yellow dots in 
Fig. 6 indicate fixed line uplinks using fiber (Research Intersection, only) or ADSL. For data security, all nodes are 
equipped with VPN routers that provide encrypted communication lines within the IRS network. 
In order to enable long-term monitoring a management system was designed and implemented. Using wired or 
wireless connections from the DLR network to each RSU, the management system can monitor and display the 
current state of every single RSU, its main components and the software running on the AU and CCU. Using the 
management system, the administrator can also upload new applications or message definitions to the RSU. 
Furthermore, vehicles driving on the track can also be monitored and specific messages can be sent to them. This 
facilitates the development and test process.  
The hardware architecture is discussed in detail in Frankiewicz et al. (2012). Fig. 7 shows the technical setup of 
an IRS which contains of the following components: 
x Application Unit (AU): an industrial-graded computer that runs applications, forwards messages and decodes 
messages 
x Communication & Control Unit (CCU): a V2X communications module that sends and receives messages 
to/from the radio channel (IEEE 802.11p communication) 
x Time Server (TS): GPS-based NTP server for time synchronization 
x WLAN Access Point / Router: Handles the connection to other IRS and enables information for mobile devices 
(regular WLAN) 
 
 
Fig. 7. Schematic depiction of the technical set-up of an ITS roadside station. 
In order to provide the possibility for testing several different standards and message definitions, including 
project-specific adaptations to standards and the definition of new messages, the software architecture is modular 
and flexible. Each function, such as sending a specific message like the CAM, is implemented in a separate software 
module and thus exchangeable according to the requirements of each project. The message itself is always defined 
by ASN.1 code (ISO (2008)) that can easily be modified. 
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3.3. Exemplary field of application: GLOSA 
As an example of DLR’s own research, a Green Light Optimal Speed Advisory (GLOSA) application is 
presented here. GLOSA uses information provided by the infrastructure to support the driver’s decisions to saving 
fuel and to improve traffic flow. On the one hand, the IRS provides static information on the intersection topology, 
the lanes on the intersection and the allowed maneuvers on the lanes (map message). On the other hand, dynamic 
information on the traffic light is communicated to the vehicle. The SPAT message contains information on all the 
signals of the traffic light for any (relevant) direction and traffic types. For example, the pedestrians’ signal states 
can be read and communicated, if required. Furthermore, the SPAT message contains information on the estimated 
time to change of any signal state and group. 
The vehicle’s systems need to know the exact ego position in the map (incl. lane), information on the vehicle 
dynamics (speed, heading, acceleration, and braking opportunities) and the direction or maneuver to be driven on 
the intersection. Using the SPAT messages’ information on the current signal states and time to change, the system 
can calculate the optimum speed in order to cross the intersection at green light, if possible. In other cases, the 
system could suggest reducing the speed to save fuel. This behavior can significantly reduce fuel consumption and 
improve the traffic efficiency. Fig. 8 shows a screenshot of the GLOSA application in a research vehicle. The 
vehicle’s current speed is shown in the speedometer; the green bar at 35–50 kph indicated the optimum speed in 
a suitable bandwidth to the driver. In the top-right corner, the next traffic light’s state and time to change is 
presented. 
 
 
 
Fig. 8. GLOSA display in the vehicle. 
4. Infrastructural supported cooperative driver assistance systems 
The services of test field AIM provide a solid basis for serving as instruments for individual usage. In addition, 
all AIM services can be seen as relevant components of a toolbox for research and development in the field of 
applied mobility services. AIM services can be orchestrated to obtain multiple options for further applications as 
additional value apart from their particular task. This is depicted exemplarily for realizing infrastructural supported 
cooperative driver assistance systems by combining the two services highlighted in the last sections. 
As pictured in section 2.3, intersections are known as accident hotspots. The reason for this is that these areas set 
high demands on the driver because of their complexity. Likewise, this lays down ambitious requirements for 
specific driver supporting systems, too. The most common problem for vehicle-based approaches lies in obtaining 
and processing all the information needed for a high-quality and proactive system impact. Thus, it seems to be 
a suitable approach to combine infrastructure based detection and assessment systems with communication 
components to share information about the traffic situation and safety related aspects between the traffic participants 
and the infrastructure. This leads to an integrated network like depicted in Fig. 9, which gives an overview of the 
general idea based on a functional architecture from the EU funded H2020 project XCYCLE (XCYCLE Consortium 
(2015)). One objective for this project is to develop technology-based systems to improve safety of traffic. DLR is 
part of the consortium and mainly responsible for situation assessment and communication aspects. 
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It is important to point out that the idea is not to replace vehicle-based systems. There are many reasons not to 
follow this approach, above all monetary issues. The idea is to enhance vehicle-based systems by utilizing the most 
outstanding advantages of an intelligent infrastructure in situations where in-vehicle platforms reach their limits. In 
addition, such a system lays a perfect foundation for intervention strategies by bringing and controlling active 
signage in the road or influencing traffic light control algorithms.  
 
 
Fig. 9. Functional architecture of the projects systems of XCYCLE. 
5. Conclusion and outlook 
The manuscript shows the possibilities and advantages that arise by using AIM. The test field supports a broad 
variety of research and development activities. These range from understanding of traffic phenomena as basis for 
scientific expertise to development of innovative systems, services, and technologies. The platform with its service-
-oriented approach accesses new potentials. In particular, the proper combination of single services brings additional 
benefits in respect to sophisticated applications and interconnected systems. AIM shows its flexibility and 
sustainability as innovative tool box. The development of AIM is still in progress. The modular approach of AIM 
gives opportunities for further enhancement of the test field in regard to the respective requirements which are 
formulated by projects that are carried out. By doing this, further fields of application arise to the point of 
establishing and connecting new services. 
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